Ciguatera Fish Poisoning (CFP) is a foodborne disease classically related to the consumption of tropical coral reef fishes contaminated with ciguatoxins (CTXs), neurotoxins produced by dinoflagellates of the Gambierdiscus genus. Severe atypical ciguatera-like incidents involving giant clams, a marine resource highly consumed in the South Pacific, are also frequently reported in many Pacific Islands Countries and Territories. The present study was designed to assess the ability of giant clams to accumulate CTXs in their tissues and highlight the potential health risks associated with their consumption. Since giant clams are likely to be exposed to both free-swimming Gambierdiscus cells and dissolved CTXs in natural environment, ex situ contamination experiments were conducted as follows: giant clams were exposed to live or lyzed cells of TB92, a highly toxic strain of G. polynesiensis containing 5.83 ± 0.85 pg P-CTX-3C equiv. cell . The presence of CTXs in giant clams tissues was further assessed using the mouse neuroblastoma cell-based assay (CBA-N2a). Results showed that giant clams exposed to either lyzed or live cells of TB92 were able to bioaccumulate CTXs at concentrations well above the safety limit recommended for human consumption, i.e. 3.28 ± 1.37 and 2.92 ± 1.03 ng P-CTX-3C equiv. g −1 flesh (wet weight), respectively, which represented approximately 3% of the total toxin load administered to the animals. In contrast, giant clams exposed to live or lyzed cells of HIT0 were found to be free of toxins, suggesting that in the nature, the risk of contamination of these bivalves is established only in the presence of highly toxic blooms of Gambierdiscus. Liquid chromatography-mass spectrometry (LC-MS/MS) analyses confirmed CBA-N2a results and also revealed that P-CTX-3B was the major CTX congener retained in the tissues of giant clams fed with TB92 cells. To the best of our knowledge, this 2 Please note that this is an author-produced PDF of an article accepted for publication following peer review. The definitive publisher-authenticated version is available on the publisher Web site.
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study is the first to provide evidence of the bioaccumulation of Gambierdiscus CTXs in giant clams and confirms that these bivalve molluscs can actually constitute another pathway in ciguatera poisonings. While most monitoring programs currently focus on fish toxicity, these findings stress the importance of a concomitant surveillance of these marine invertebrates in applicable locations for an accurate assessment of ciguatera risk.
Introduction

61
Ciguatera Fish Poisoning (CFP) is the most common non-bacterial seafood intoxication globally 62 and is responsible for more cases of human poisonings than all other marine toxins combined (Chinain et al., 1999 (Chinain et al., , 2010b . Their toxic potencies were quantified using CBA-N2a prior to the 136 contamination experiments (Section 3.1., Fig. 1 ). 
219
The calibration of CBA-N2a was achieved using three P-CTX standards: P-CTX-3C, P-CTX-3B and P- , respectively.
229
To address the issue of potential matrix interferences likely to cause non-specific cytotoxicity in Finally, the toxin content (T) in these two types of biological matrices was estimated using the 254 following formula T = (P-CTX-3C EC 50 / sample EC 50 ), expressed in pg P-CTX-3C equiv. cell -1 for
255
Gambierdiscus, or in ng P-CTX-3C equiv. g -1 wet weight of flesh for giant clams. To make comparisons 256 with former studies easier, (T) values can be converted into P-CTX-1B equiv. using the following 257 formula: T = (toxin content values in P-CTX-3C equiv. / 1.9). In the conditions of this study, the limit of 
265
Analyses were carried out on Gambierdiscus and giant clams dry extracts using a LC system (UFLC (Table 1 ). The MRM experiments were established by using the following source settings: curtain gas 276 set at 25, ion spray at 5500 V, a turbogas temperature of 300 °C, gas 1 set at 40 and gas 2 set at 60 277 psi with an entrance potential of 10 V. The calibration of LC-MS/MS method was achieved using 278 three P-CTX standards: P-CTX-1B, P-CTX-3B and P-CTX-3C, obtained from the Louis Malardé
279
Institute's bank of standards. The limit of detection (LOD) was estimated to 0.06 µg P-CTX-3C mL , corresponding to a toxin 288 content of (2.05 ± 1.16) x 10 -3 pg P-CTX-3C equiv. cell -1 (Fig. 1) .
289
Chemical analyses (LC-MS/MS) of strain TB92 revealed seven CTXs peaks ( which standards were available, see Table 1 ). No CTXs were detected in strain HIT0 (data not shown). , corresponding to mean toxin contents of 3.28 ± 1.37 and 2.92 ± 1.03 ng P-CTX-3C equiv. g -305 1 flesh (wet weight) for giant clams exposed to lyzed and live cells, respectively, were obtained (Table   306 2), with no significant difference observed between these values (Student's t test, p > 0.05). These 307 findings were confirmed by LC-MS/MS analysis which showed the presence of a single peak 308 corresponding to P-CTX-3B (RT = 5.65 min) in the flesh of toxic animals (Fig. 3C , Table 1 ).
309
Based on the contamination protocol, each pool of three giant clams placed in 20 L tank and ). Consequently, it was estimated that each pool of exposed animals was actually 313 able to retain approximately 3.65 ± 1.34 and 3.06 ± 0.96% of the toxins administered in each tank for 314 lyzed and live TB92 cells conditions, respectively (Table 2 ). In contrast, each pool of three giant clams 315 exposed to HIT0 cells received a total toxin load of 6.15 x 10 -3 µg P-CTX-3C equiv. or 0.31 x 10 -3 µg P-
316
CTX-3C equiv. L -1 (i.e. contamination with 3 x 10 6 HIT0 cells with an average toxic potency of (2.05 ± whether giant clams were able to bioaccumulate algal CTXs in their tissues.
328
Results of CBA-N2a analysis indicated that giant clams exposed to either live or lyzed cells of TB92, 
349
Numerous contamination studies using various toxic dinoflagellates (Alexandrium, Ostreopsis,
350
Azadinium) have been previously conducted on a variety of bivalve molluscs such as mussels, 11,000 cells g -1 of algae, respectively, can occur in natural environment, which represented an overall 364 toxicity that may reach 48 µg P-CTX-3C equiv. in some of these natural blooms (Chinain et al, 1999) .
365
When exposed to TB92 toxic cells for 48 h, giant clams were able to retain an average of 3 ng P-
366
CTX-3C equiv. g -1 in their tissues, which represented only ~3% of the total toxin load supplied. There CTXs analogs also need to be addressed.
425
The present study provides evidence of the ability of giant clams to accumulate CTXs in their 426 tissues and confirms that these molluscs, which are part of the diet of many populations in PICTs,
427
could represent another vector of ciguatera in areas where Gambierdiscus populations are endemic.
428
Besides the potential health risks for consumers, this issue also represents a serious impediment to intoxication not only to local populations but also to tourists, which are also fond of such food.
440
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Dissolved azaspiracids are absorbed and metabolized by blue mussels (Mytilus edulis). which were estimated following the procedure described en Section 2.5, were 5.83 ± 0.85 and (2.05 ± 1.16) x 609
10
-3 pg P-CTX-3C equiv. cell -1 for TB92 and HIT0, respectively. HIT0 showed a toxicity 2,850-fold lower than 610 TB92. Data represent the mean ± SD of three independent experiments (each run in triplicates) for (A) and (B). 611 + . In TB92 cell extract, P-CTX-3B and P-CTX-3C were formally identified in comparison 616 with standards whereas P-CTX-4A, P-CTX-4B, M-seco-P-CTX-4A and two analogs of P-CTX-3C/3B were 617 tentatively identified based on MRM transitions described in Table 1 . 619 Fig. 3 . LC-MS/MS chromatograms of (A) P-CTX-1B, P-CTX-3B and P-CTX-3C standards, and extracts of (B) control 620 giant clams and giant clams exposed to HIT0 cells or (C) giant clams exposed to TB92 cells. Chromatograms 621
were acquired following the procedure described in Section 2.6, in positive MRM mode, on m/z P-CTX-3C/B 622 transitions described in Table 1 animals or giant clams exposed to HIT0 cells whereas a single peak corresponding to P-CTX-3B (retention time 624 RT = 5.65 min) was detected in the flesh of giant clams exposed to TB92 cells. resulting in the successive losses of two and three water molecules were selected as product ions 1 and 2, 637 respectively. *ND: no detected. 638
